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(54) TiUe: METHOD AND DEVICE FOR HEAT TREATMENT OF BODY TISSUE 




(57) Abstract 

A device for heat treatment of prostate, comprising a treatment catheter (12) with a fluid reservoir (11) and heating means (10) which 
is arranged within the treatment catheter (12) and emits electromagnedc radiation for heating of the surrounding bodily tissue. The fluid 
reservoir (11) constitutes an integrated pait of the catheter for treatment and is positioned in the catheter so that, when inserted in a patient, 
it extends to cover the area heated by the heating means (10) between the prostatic apex and bladder neck (21*). The fluid reservoir (11) 
also constitues a closed chamber which is connectable via a channel (22) passing through the catheter (12) for treatment. A stop (28) for 
the heac-absorbing means is embodied distal to said heating means (10) and distal to said heat reservoir (11). 
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METHOD AND DEVICE FOR HEAT TREATMENT OF BODY TISSUE 
TECHNICAL FIELD OF THE INVENTION 

5 The Invention concerns a device for heat treatment of bodily tissue ac- 

cording to patent claim 1 . 

Heat treatment yields good treatment results with certain types of dis- 
ease conditions involving unnatural growth of tissue. The tissue is heated to 
the extent that it dies. Examples of such disease conditions are certain types 

10 of cancer and benign prostate hyperplasia. BPH. During treatment certain 
portions of the tissue are heated so that tissue death ensues, while other 
portions of tissue must or should be protected. The temperature in the area 
of treatment should be at least 50°C. Duration of treatment is typically 1 hour 
but can be shorter. The disease conditions that are primarily indicated are 

15 those which occur in tissue surrounding cavities in the body, for example the 
prostatic gland. 



STATE OF THE ART 



20 Different devices can be used in order to induce heating. Devices for 

heating by means of laser as well as with microwaves and radio frequencies 
are common. A technique is known through US-A-5, 257,977, according to 
which a catheter is provided with a reservoir for fluid. The resen/oir is flexible 
and is connected via channels through the catheter with a heating device 

25 located outside the body. A fluid is heated in a heating device and circulated 
through the channels and the resen^oir. The rise of temperature in the reser- 
voir brings about heating of the surrounding tissue. 

Since the channels pass through tissue that should not be treated, 
they must be heat insulated. According to US-A-5, 257,977 the heat insula- 

30 tion is brought about by means of a space filled with gas that surrounds the 
channels. The function of the heat insulation is very important, for which rea- 
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son great care and considerable expense must be devoted to this part of the 
treatment catheter 

A more highly developed catheter for treatment is shown and de- 
scribed in WO 97/02794. according to which a heating device Is contained 

5 inside an expandable reservoir. The heating device is provided with energy 
from an assembly outside of the body for heating of fluid inside the reservoir. 
Some of the disadvantages involving undesirable heating of certain tissue 
are avoided in this manner. The heating device is designed according to 
WO 97/02794 as a resistance wire or similar and heats the fluid through 

10 convection. The heat transferred from the fluid to the surrounding tissue 

gives locally good results. A disadvantage is that the effect in the tissue at a 
farther distance from the reservoir is insignificant. 

Heat-treating with a treatment catheter that is equipped with a micro- 
wave antenna is also known with the mentioned course of disease. Exam- 

15 pies of such microwave treatment are known previously through 

US-A-5480417 and US-A-5234004, Characteristic for previously known mi- 
crowave treatment is that the prostate tissue is heated with microwaves. The 
intention is to heat parts of the prostate gland so that the tissue coagulates, 
i.e. dies. The element that emits the microwave radiation consists of a coax- 

20 iai cable with an antenna at its end that is included in a catheter for treat- 
ment. Cooling fluid circulates through the catheter. The intention with the 
cooling is to protect the prostatic urethra, that is to say the part of the urethra 
that runs through the prostate gland from being affected and damaged by 
the heat that is generated by the microwaves. Another reason for cooling the 

25 catheter is to transport away waste heat in the coaxial cable. 

It has long been viewed as important to protect the part of urethra that 
passes through the prostate — the prostatic urethra - during microwave 
treatment of benign prostate enlargement. This protection of the prostatic 
urethra hinders the treatment from being really effective, however, since 

30 parts of the obstructing tissue closest to the urethra are not heated but re- 
main unaffected because of the cooling. The clinical result of heat treatment 
is dependent on the amount of tissue that coagulates. The degree of coagu- 
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lation depends in turn on temperature in combination with the length of 
treatment. The temperature in turn depends on the input of energy and the 
carrying away of heat by the blood flow. If cooling of the prostatic urethra is 
done for the purpose of protecting it from being destroyed, the loss of heat 

5 energy from the area of treatment is increased, which is counterproductive 
and severely diminishes the effectiveness of the treatment. 

There are also designs with completely uncooled treatment catheters 
(US patent US4967765). In such embodiments the microwave energy must, 
however, be limited so that the urethra and penis are not heated due to cable 

10 losses in the coaxial cable that conducts the microwaves to the antenna. Be- 
cause of this restriction, completely uncooled catheters are not preferred, 
since the microwave power that can then be used (max 30 Watt) is so low 
that one cannot achieve the high tissue temperature that is needed in order 
for the coagulation of tissue to occur to the desired extent. 

15 

THE INVENTION IN SUMMARY 



A purpose of the invention is to increase the effectiveness of treatment 
with a treatment catheter of previously known technology. The higher treat- 
20 ment effectiveness means shorter treatment times. Alternatively, less micro- 
wave power can be used, which increases safety for the patient. These ob- 
jectives are achieved by incorporation of the special features described in 
patent claim 1 . 

The effectiveness of treatment is increased in that a treatment cathe- 
25 ter designed for microwave treatment of the prostate contains a fluid reser- 
voir filled with non-circulating fluid that surrounds the microwave antenna 
between the prostatic apex and the bladder neck and thus prevents the 
prostatic urethra from being cooled during treatment. The fluid reservoir is 
heated partly by losses in the antenna device itself that are converted to 
30 Joule heat and partly by direct absorption of microwave energy in the fluid 
itself. The absence of cooling of the prostatic urethra means that less micro- 
wave energy can be used to achieve the desired intra-prostatic temperature 
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or alternatively that the treatment time can be shortened. Both possibilities 
are advantageous for the patient in that they increase safety for the patient 
and diminish the risk of damage caused by the treatment as a result of high 
total power output. 

5 Further advantages and special features of the invention emerge from 

the following description, drawings, and dependent patent claims. 



BRIEF DESCRIPTION OF THE DRAWINGS 



10 The invention will now be described in more detail with the aid of ex- 

amples of embodiments with reference to the attached drawings on which: 
FIG 1 is a principal cross-sectional view in the longitudinal direction of an 

embodiment of a treatment catheter according to the invention. 
FIG 2 is a transverse sectional view of the treatment catheter from line II-U 
15 in FIG 1. 

FIG 3 is a transverse view of the treatment catheter from line ///-/// in FIG 1 
FIG 4 shows a schematic connection of a treatment catheter to external 
devices according to one embodiment of the invention. 



20 THE INVENTION 

In the embodiment of a treatment catheter 12 according to the inven- 
tion as shown in FIG 1 a reservoir 1 1 isolated from the catheter cooling is 
positioned in the part of the catheter that is surrounded by the prostate 
25 gland. The treatment catheter is in the first place intended for treatment of 
prostate tissue. Before treatment reservoir 11 is filled via a channel 22 In the 
treatment catheter 12 with fluid 1 3, for example sterile water or cooking salt 
solution. Fluid 13 in the resen/oir constitutes a dielectric that improves the 
adjustment between the microwave antenna and the prostate tissue. 

30 A heating device 10 is provided inside treatment catheter 12 for heat- 

ing tissue surrounding treatment catheter 12. Heating device 10 emits elec- 
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tromagnetic radiation, preferably in the fornn of microwaves. Heating device 
10 suitably includes a nnicrowave antenna. The energy emitted from heating 
device 10 is absorbed to a small degree by the fluid in resen/oir 1 1 but the 
overwhelming part of the energy is radiated out and absorbed in the sur- 
5 rounding tissue. Energy is supplied via a feed cable 15 from an energy sup- 
ply unit 14. (See FIG 4.) In a preferred embodiment first heating device 10 
includes an antenna that can be designed, for example, as a monopole an- 
tenna, dipole antenna, or a helix antenna. The antenna is covered by a pro- 
tective sheath 40 up to its radiating section in order to lessen radiation from 
10 other sections. 

Treatment catheter 12 according to FIG 1 is introduced through the 
urethra so that tip 16 extends into urinary bladder 21 . A bladder or balloon 18 
connected to the treatment catheter is expanded inside urinary bladder 21 
and prevents unintended withdrawal of the treatment catheter during the 
15 process of treatment. The active part of the treatment catheter is thus cen- 
trally located in the tissue that is to be treated, in this case in prostate 19 dis- 
tal to bladder neck 21'. The treatment catheter 12 is flexible and pliable in 
order to be introduced flexibly through the urethra to the treatment position. 

In the treatment catheter fluid channel 26 that ends in balloon 18 is 
20 also present (see FIG 2 and 3). Through it fluid can be supplied for expan- 
sion of balloon 18 when the treatment catheter is brought into the desired 
position for treatment. Fluid channel 26 is also used in order to empty bal- 
loon 18 after treatment is completed and before the treatment catheter is 
withdrawn from the urethra. A conventional hypodermic needle or similar is 
25 suitably used for the filling and emptying of balloon 18. 

Feed cable 15, through which energy is conducted to first heating de- 
vice 10, Is heated as a result of losses. In order to avoid thermally induced 
damage to tissue outside the area of treatment, for example on sphincter 
muscle 29 that surrounds the urethra outside of the prostate or to the penis. 
30 feed cable 15 is cooled. This is accomplished by providing cooling channels 
27 in treatment catheter 12, preferably around feed cable 15. (See also FIG 
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2 and FIG 3.) Cooling channels 27 are embodied according to the invention 
with a delimiter or stop 28, at which cooling fluid circulating in cooling chan- 
nels 27 return. In this way cooling of heating device 10 itself and of reservoir 
1 1 is avoided, which in turn means that the energy that needs to be con- 
5 ducted from unit 14 can be diminished. With lower levels of energy, the risk 
of maltreatment and damage to healthy tissue also diminishes. 

Temperature sensors 23, 23', and 23" are arranged on carrier 24 in 
order to be able to track the temperature development during heat treatment. 
Carrier 24 can be extended through a channel or tube 25, which runs 

10 through the treatment catheter. Carrier 24 or temperature sensor 23 is suita- 
bly embodied with, or as, a tip that can penetrate in part a membrane or wall 
In the treatment catheter and in part the bodily tissue. Tube 25 is embodied 
so that carrier 24 with temperature sensors 23 is extended out of the treat- 
ment catheter at a suitable angle and can be driven out to a suitably radial 

15 distance from the treatment catheter. 

Heating of tissue thus occurs partly through heating of the fluid con- 
tained in reservoir 1 1 that emits heat directly via heat conduction to adjacent 
tissue (i.e., the prostatic urethra) and partly through electromagnetic radia- 
tion. The total treatment area is thus larger than with conventional heating, 
20 where the prostatic urethra is cooled and thus not destroyed during treat- 
ment. 

Fluid 13 in the reservoir is heated by interaction with microwave an- 
tenna 10 to a temperature such that surrounding tissue, i.e., the prostatic 
urethra, is coagulated. Since the highest temperature is reached in the tissue 
25 closest to reservoir 1 1 , the prostatic urethra will to a large degree be affected 
and therewith be damaged and die. This part of the urethra is, however, re- 
generated relatively quickly. A special temperature sensor 37 is suitably lo- 
cated in reservoir 1 1 for continuous measurement of the temperature of fluid 
13 in reservoir 11. 

30 A resulting heat profile, i.e. a curve that shows tissue temperature ra- 

dially outward from the centre of the treatment catheter, is accordingly differ- 



wo 00/67686 PCT/SEOO/00905 

7 

ent from the profile that can be achieved with conventional technology em- 
ploying a completely cooled catheter or a lack of cooling entirely. 

When treatment is finished, the energy supply to heating device 10 is 
interrupted and reservoir 1 1 can be emptied of fluid by suction via channel 

5 22. It is not suitable to remove the treatment catheter as long as the reservoir 
has a temperature such that damage may occur with passage of the reser- 
voir through the body. When catheter 12 is introduced into the urethra with a 
tip into urine bladder 21 , drainage of urine and any other fluid from the urine 
bladder can occur through a drainage channel provided in catheter 12. The 

10 drainage channel runs through the whole catheter 12 and ends with an open- 
ing 20 near the tip of catheter 12. With certain types of treatment it can be 
suitable to leave catheter 12 in place during a certain period of time after the 
treatment. The function of the drainage channel during this time is also to 
drain the urine bladder. 

15 As soon as urine passes again through the urethra in the prostate, the 

treated and dead tissue will be eliminated with the urine. A remaining hollow 
space in the prostate after the tissue was removed assures the passage of 
urine in the correct manner. The process of healing including elimination of 
coagulated tissue can continue for some months. 

20 FIG 2 schematically shows an embodiment of a treatment catheter 12. 

Treatment catheter 12 is designed with a number of cavities and channels 
extending along the treatment catheter Feed cable 15 runs through a central 
cavity 30. which is preferably well shielded. Cooling fluid is transported in 
separated cooling channels 27, preferably in a circulating system, in a first 

25 cooling channel 27 a tube 25 for carrier 24 is arranged. In a similar manner 
fluid channel 26 for balloon 18 and channel 22 for fluid resen/oir 11 are ar- 
ranged in other cooling channels 27. A drainage channel, which ends in 
opening 20 in the treatment catheter, can be arranged in a similar way in a 
cooling channel. 

30 The cross section view in FIG 3 shows an example of how reservoir 1 1 

can be embodied. Essentially the whole internal volume of treatment cathe- 
ter 12 is occupied by reservoir 11. Partition walls are indicated and can be 
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used, for example, in order to control feed cable 15 and fluid channel 26 for 
balloon 18. Reservoir 11 can alternatively consist of connected channel ele- 
ments that constitute a continuation of cooling channels 27 after stop 28. 

The block diagram in FIG 4 schematically shows the various function 
5 blocks that can be included in a treatment assembly with a treatment cathe- 
ter according to the invention. As indicated above, energy is supplied to 
heating device 10 from energy supply unit 14. A central control unit 32 is 
operatively connected with energy supply unit 14 and a display unit 33 and 
with a pumping and cooling device 34 and a fluid supply device 35. Control 
10 unit 32 is additionally operatively connected to an input device, for example, 
in form of a keyboard 36. Control unit 32, keyboard 36, and display unit 33 
can also be included in a conventional computer with a monitor and key- 
board. 

Control unit 32 is operatively connected to temperature sensors 23 
15 and 37 and can control energy supply unit 14 dependent on the current tem- 
perature in the area of treatment so that suitable power is supplied to heating 
device 10. In this manner it is possible to increase the temperature consid- 
erably with good safety in fluid reservoir 1 1 and thus in surrounding tissue so 
that tissue death occurs in the desired way. Data on temperature from tem- 
20 perature sensors 23 and 37 can also be shown continuously on display unit 
33. 

Pumping and cooling device 34 is connected to cooling channels 27 
and pumps suitable cooling fluid through cooling channels 27 in order pri- 
marily to cool feed cable 15 while it is being extended forward to heating de- 
25 vice 10. Fluid supply device 35 is used when fluid reservoir 11 is to be filled 
and emptied. Control unit 32 can monitor the pumping and filling. 

A preferred embodiment according to the invention also includes a 
pressure meter 17 that is operatively connected to reservoir 11 in order to 
monitor the pressure in the resers/oir. Pressure meter 17 is also operatively 
30 connected to central control unit 32 so that the pressure in fluid reservoir 1 1 
will affect the process of treatment. The pressure is changed depending on 
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how the treatment proceeds. For reasons of safety the treatment should be 
interrupted if the pressure in fluid reservoir 11 falls abruptly, for example as a 
result of the failure of a partition in reservoir 11. In a corresponding way, 
treatment should be interrupted if the temperature in reservoir 1 1 becomes 
5 so high that the fluid in it boils. 

Feed cable 15 can be embodied in the form of a coaxial cable with a 
protective sheath and an inner conductor. The sheath also constitutes an 
outer conductor. The inner conductor acts as an antenna beyond the end of 
the sheath. 



10 
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PATENT CLAIMS 



1 . A device for heat treatment of prostate, comprising a treatment catheter 
(12) with a fluid reservoir (1 1 ) and first heating means (10) which is arranged 
5 within the treatment catheter (12) and emits electromagnetic radiation for 
heating of the surrounding bodily tissue, characterised in 



that said fluid reservoir (11) constitutes an integrated part of the catheter 
for treatment and is positioned In the catheter so that, when inserted 
10 in a patient, it extends to cover the area heated by the heating means 

between the prostatic apex and bladder neck (21"). 

that the fluid reservoir (11) constitutes a dosed chamber wich Is connect- 
able via a channel (22) passing through the catheter (12) for treat- 
ment, 

15 that a feed cable (15) intended for the heating means (10) Is thermally 
connected to the heat-absorbing means (27) and is cooled up to the 
wall but not any further, 
that a stop (28) for the heat-absorbing means Is embodied distal to said 
heating means (10) and distal to said heat reservoir (11). 



20 



2. A device according to Claim 1 , wherein said stop (28) with the treatment 
catheter (12) in its treatment position Is located proximal to a sphincter (29) 
surrounding urethra. 



25 3. A device according to Claim 1 , wherein said stop (28) with the treatment 
catheter (12) in its treatment position is located proximal to the prostatic 
apex. 

4. A device according to Claim 1 , wherein said heating means (10) com- 
30 prises a microwave antenna. 



5. A device according to Claim 1 , wherein said heat-absorbing means (27) is 
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designed as cooling channels that run in the catheter (12) for treatment. 



6. A device according to Claim 5, wherein said stop (28) is a partition closing 
the cooling channels (27). 

5 

7. A method for heat treatment of prostate by electromagnetic radiation, 
wherein a treatment catheter (12) with a fluid reservoir (11) and a heating 
means (10) arranged within the treatment catheter (12) and emitting electro- 
magnetic radiation for heating of the surrounding bodily tissue is inserted 

10 through urethra to a treatment location in the prostate, characterised 
by 

emitting electromagnetic radiation to a fluid reservoir (11) anranged around 
the heating means (10) within the treatment catheter (12) and to surrounding 
bodily tissue and 

15 emitting conductive heat from the fluid reservoir (1 1 ) to an area of the 

prostatic urethra and the prostate (19) between the apex of prostate and the 
bladder neck (21'). 
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